When asked to report the color of a target letter in a briefly presented word or pseudoword, Ss were more likely to report the color of letters from the same syllablelike unit than the color of other letters. Because Ss were not required to make a lexical decision or naming response, the multiletter units that are revealed by this task arise automatically. It was found that the syllablelike units are not phonological but correspond to orthographic patterns and morphemes. These units affect performance regardless of changes in letter-case, suggesting that the units are based on abstract letter identities. Unit formation was also not affected by visual field of presentation. Several experiments demonstrated that the morphological and orthographic units arise from different processes: The morphological units depend on lexical access, and the orthographic units do not. Finally, the effects of orthography are stronger for good readers than for poor readers.
Words are magic. They are magic in the sense that when they are presented with a word or wordlike letter string, a literate subject cannot help but read. The processes involved in word perception are evoked without volition even when it is disadvantageous to do so (e.g., Stroop, 1935) . There is evidence from several different tasks that word identification can take place even when exposure conditions are such that subjects do not believe that they have seen any stimulus at all (Marcel, 1983) . The goals of the present research are to characterize the processes and mental representations that are automatically elicited when a subject is presented words or wordlike stimuli, and to begin to generalize these findings to reading outside the laboratory.
One attribute of writing systems that may assist in the willynilly decoding of printed text is that all alphabetic spelling systems of natural languages exhibit internal structure: The sequence of graphemic elements is not random. This structure has been characterized in many different ways, including letter sequence probabilities (e.g., Massaro, Venezky, & Taylor, 1979; Shannon & Weaver, 1949) , phonologically based letter clusters (e.g., Gibson, Pick, Osser, & Hammond, 1962; Treiman & Danis, 1988) , orthographically based letter clusters (Haber & Haber, 1983; Taft & Forster, 1976) , and connec-tionist networks (e.g., Seidenberg & McClelland, 1989) . A consequence of orthographic structure is that letters co-occur in nonrandom ways. To the extent that readers are sensitive to multiletter groups, these units may be useful in word perception (Smith & Haviland, 1972) .
A variety of experimental paradigms have demonstrated that readers are sensitive to multiletter units of analysis. These paradigms include the lexical decision task (e.g., Lima & Pollatsek, 1983; Taft, 1979) , whole-word report (e.g., Gibson et al., 1962; Mewhort & Beal, 1977) , and letter detection (e.g., Santa, Santa, & Smith, 1977; Spoehr & Smith, 1973 ; for reviews, see Prinzmetal, Treiman, & Rho, 1986; Spoehr, 1981; Taylor & Taylor, 1983, chap. 8) . In the present work, we are interested in the units of analysis that are evoked automatically-that is, without the intent to encode for lexical decision, semantic judgment, or naming. We call these automatically elicited multiletter units of analysis reading units (Prinzmetal, Treiman & Rho, 1986) . To the extent that reading units are automatically activated, they should play a role in many reading situations.
The experiments reported in the current research extend previous work in three ways. First, we will show that reading units are not based on phonology, but rather are best represented by an abstract letter-identity code. Second, readers' automatic sensitivity to reading units is the result of two distinct processes. One process is based on abstract orthographic knowledge, and the other is based on lexical morphology. Finally, automatic sensitivity to reading units is correlated with reading ability.
We examined the effect of reading units in a task involving the incorrect combination of color and shape. Treisman and Schmidt (1982) discovered that when subjects were briefly presented strings of colored letters, they sometimes perceived colors and letters in incorrect combinations. For example, when presented with the letters XTN printed in red, green, and yellow ink, respectively, a subject might perceive the X 902 as green. Treisman and Schmidt termed these misperceptions conjunction errors or illusory conjunctions. Prinzmetal (1981) found that illusory conjunctions were more likely within a perceptual group than between perceptual groups when perceptual groups were defined by the gestalt properties of similarity and good continuation (see also Prinzmetal & Keysar, 1989) .
Based on Prinzmetal's (1981) results, Prinzmetal and Millis-Wright (1984) hypothesized that illusory conjunctions might be sensitive to orthographic structure. If short monosyllabic words are processed as wholes (or at least by units larger than a single letter) but nonwords are processed by single-letter units, then there might be more illusory conjunctions in words than nonwords. Subjects were briefly presented three-letter words, pronounceable pseudowords, familiar abbreviations, or nonwords. The task in several experiments was to indicate the color and identity of a target letter from a predesignated set. Prinzmetal and Millis-Wright found significantly more illusory conjunctions with words, pseudowords, and abbreviations than with nonwords. These experiments indicate that feature integration is affected by cognitive factors such as familiarity, but these factors do not isolate the specific units of analysis in word perception. Prinzmetal, Treiman, and Rho (1986) tested the idea that syllable-size units affect feature integration. They presented five-letter, two-syllable words that had a syllable break after either the second letter or after the third letter (e.g., AWFUL, VODKA). The task was to indicate whether a predesignated target letter was present in the word, and if it was, to indicate its color. Subjects were two to three times more likely to respond with a color of a letter within the same syllable as the target as to respond with the color of the letters in the other syllable. For example, with a word like VODKA, subjects incorrectly responded that the D was the color of the V or O on 18.6% of trials. In contrast, the color of the D was reported as the color of the K or A on only 7.7% of the trials. Prinzmetal, Treiman, and Rho (1986) found that syllablelike units affected illusory conjunctions when syllable boundaries were formed by two consonants that do not occur together within a syllable in English spelling (e.g., VODKA, ADMIT). They found the same effect with units based on morphology (e.g., TODAY, SUNUP). However, they did not find any effects that could be attributed strictly to phonology. For this reason, the units are not syllables in the phonological sense, and Prinzmetal, Treiman, and Rho called them reading units.
In the experiments by Prinzmetal and Millis-Wright (1984) and by Prinzmetal, Treiman, and Rho (1986) , subjects were not required to read the words. In fact, in the Prinzmetal and Millis-Wright study, subjects would have performed better if they could have processed the words in the same manner as the nonwords. Perceptual processing was affected without subjects being aware of the stimulus structure: Very few of the subjects in Prinzmetal, Treiman, and Rho indicated any knowledge of the syllablelike structure of the stimuli. Furthermore, Prinzmetal (1990) has shown that the results do not reflect a conscious or unconscious guessing bias. Subjects were presented words, such as VODKA, for an unlimited viewing time (Prinzmetal, 1990, Experiment 3) . The first two letters were one color (e.g., red) and the last two another (e.g., green). Subjects were asked to guess what color (red or green) the center letter would be or should be in a subsequent session. Subjects were no more likely to guess the within-syllable color than the between-syllabic color. Hence the pattern of illusory conjunctions does not represent a guessing bias. Prinzmetal, Treiman, and Rho (1986) proposed the model shown in Figure 1 . They claimed that the unitization reflected by illusory conjunctions is caused by two distinct mechanisms. First, the visual representation is affected prelexically by abstract orthographic knowledge. Second, the visual representation is also affected postlexically by morphological information. In both cases, the mental representation is best characterized as an abstract letter-identity code that does not contain phonological information. The representation in Figure 1 is, of course, not meant to be a complete representation of the processes involved in the present task. For example, we have not included a letter-feature extraction stage or a color registration stage because these stages are prerequisites for the formation of a visual code. In addition, this is not a model of lexical access (for a review of lexical access models, see Carr ORTHOGRAPHIC KNOWLEDGE Figure 1 . A model of lexical and orthographic effects on illusory conjunctions. & Pollatsek, 1985) . However, the model does indicate that if lexical access occurs, it may affect the visual representation (i.e., illusory conjunctions). Furthermore, orthographic regularities may affect illusory conjunctions without lexical access occurring. The present article has three parts. The first tests Prinzmetal, Treiman, and Rho's (1986) characterization of the mental representation of reading units. The second part tests the claim that reading units are the result of two distinct processes. The final section explores the relevance of reading units revealed with illusory conjunctions to reading in general.
Part 1: Mental Representation
This section is concerned with characterizing the reading units revealed by illusory conjunctions. Experiment 1 tests the claim of Prinzmetal, Treiman, and Rho (1986) that the units are not phonological. In Experiment 2, we look for an effect of familiarity on reading units with words and orthographically legal pseudowords. To the extent that reading units are the result of abstract orthographic knowledge, a similar pattern should be obtained with words and pseudowords. Experiment 3 compares a mental representation in terms of an orthographic code with one based on the physical form of the stimulus letters. The final experiment in Part 1 investigates morphological effects on illusory conjunctions.
Experiment 1
Probably the most controversial claim by Prinzmetal, Treiman, and Rho (1986) was that the reading units revealed in their experiments did not represent phonological information. This claim was supported by a failure to find an effect of syllable structure on illusory conjunctions when structure was defined only by phonology and not by spelling or morphology. Prinzmetal, Treiman, and Rho (1986, Experiment 4) tested words like CANAL and CAMEL. It has been well established that the intervocalic consonant tends to belong to the stressed syllable (e.g., /CA 'NAL/, /'CAM EL/, see Fallows, 1981; Treiman & Danis, 1988) . Nevertheless, stress had no effect on the pattern of illusory conjunctions. Seidenberg (1987) replicated the robust effects of spelling patterns on illusory conjunctions found by Prinzmetal, Treiman, and Rho, but he also failed to find an effect of phonology. Seidenberg compared words that had quite different phonological syllabification but similar spelling (e.g., DUETS/DIETS, LIVED/LIVER, FRUIT/FLUID). He reasoned that if phonology mattered, then the pattern of illusory conjunctions would be quite different for the word pairs, but if spelling mattered, there would be no difference. He found no difference.
Neither the experiments by Prinzmetal, Treiman, and Rho (1986) nor those of Seidenberg (1987) are without problems, however. The Prinzmetal, Treiman, and Rho experiment was based on the assumption that stress determines phonological syllable structure. Although stress can affect phonological structure, it is not the only determinant (Fallows, 1981; Treiman & Danis, 1988) . For example, there is also a tendency to make the beginnings of syllables as long as possible (maximizing onsets). By this rule, words like CAMEL and CANAL would have a syllable break after the second letter. There are problems with some of Seidenberg's stimuli. For example, some had three syllables, and it is not clear what influence this would have had on illusory conjunctions. Furthermore, several of the stimuli had an even number of letters so that the number of letters before and after the target was not balanced. This might influence the opportunity for illusory conjunctions. A few of Seidenberg's stimuli confounded phonological and morphological structure. Finally, both Seidenberg's and Prinzmetal, Treiman, and Rho's studies were based on null results with phonological syllables. They did not include a within-experiment comparison of purely phonological syllables with units defined in other ways.
The present experiment addressed the above problems. We compared words with structure defined only by phonology (e.g., DIANE, NAIVE) to words with structure defined by both orthography and phonology (e.g., AZTEC, DOWDY). If phonology determines reading units, then both types of words should show more illusory conjunctions within a unit. However, if orthography is critical, only the words with orthographically defined reading units should show the effect.
In the words with syllables defined only by phonology, the syllable break occurs between two vocalic peaks (e.g., NA/ IVE), giving unambiguous phonological syllabification. Note that there is no orthographic reason to parse these items between the two vowels (see Prinzmetal, 1990) . These words will be referred to as the phonological words. Some of the phonological words were used in Seidenberg's experiment. However, all of the words in the present experiment are five letters long, with a syllable break either just before or after the middle (target) letter. The words with structure determined by both orthography and phonology will be referred to as CC words (for consonant bigram). These words have clear phonological structure because the medial consonant bigram is phonotactic, meaning that the sequence of sounds cannot occur within an English syllable (e.g., Zrin AZTEC). The syllable break is also clearly indicated by orthography. For example, ZT does not occur in English spelling within a syllable (Haber & Haber, 1983; Sakiey, Fry, Gross, & Loigman, 1980) .
Method
Procedure. The procedure was nearly identical to that used by Prinzmetal, Treiman, and Rho (1986, Experiments 3-5) . On each trial, subjects were first presented with a white target letter in the center of a color computer monitor. After 1.5 s, the target letter was replaced by a white rectangle that covered most of the screen. The stimulus string of five colored uppercase letters was then briefly presented in one of four locations. This was replaced by the white rectangle. The subject's task was to indicate the color of the target letter by pressing one of four buttons labeled "RED," "GREEN," "BLUE," and "YELLOW." On 11% of the trials the target was not present in the display. On these trials, the subject was instructed to respond by pressing a fifth button that was labeled "NO."
Each subject received three blocks of 20 trials for practice. This was followed by six 72-trial blocks on which data were collected. The exposure duration was adjusted individually for each subject between blocks to maintain an error rate of approximately 15%. The mean exposure duration was 12 refresh cycles at 60 Hz (200 ms) and ranged from 8 to 18 cycles.
The only major difference in procedure between the present experiment and those of Prinzmetal, Treiman, and Rho (1986) and Seidenberg was the feedback given to subjects. The present task, like a few in cognitive psychology, tends to be somewhat boring for subjects. In an attempt to alleviate the tedium, the feedback was designed to make the task reminiscent of a video game. On the bottom left side of the screen was the word "POINT," followed by a number. On correct responses, the computer emitted a brief beep sound, and the point total was incremented by one. Each block began with zero points. Every tenth trial was proceeded by the words "NEXT BONUS TRIAL." On these trials, a correct response earned 10 points, and the computer emitted a sound rising and then falling in pitch (somewhat like a "wolf whistle"). If the subject responded with the incorrect color, no points were earned, and there was no audio feedback. Finally, if the subject made a letter error, by responding "NO" when the target was present or with a color when the target was absent, the subject lost 10 points, and the computer made a sound like a foghorn. On the bottom right side of the screen was the word "LEVEL" followed by a number. The number was the exposure duration in ticks, and subjects were told it indicated the level of difficulty of the block of trials (smaller numbers being more difficult). The feedback was originally designed for the experiments with children (see Part 3), but it was so popular that it was used in all of the experiments reported in this article.
Stimuli. Thirty-two 5-letter words were used (see the Appendix). Half of the words had a syllable break between vowel letters representing different vocalic peaks (e.g., DIANE, NAIVE). These words are the phonological items. The remaining words had a syllable break between two consonants that rarely co-occur within a syllable in English spelling or phonology (e.g., AZTEC, DOWDY). These words are the CC items. Half of each type of item had a break between the second and third letters, and half had a break between the third and fourth letters.
Each of the 32 stimulus words occurred in two target-present trials in a block. In one presentation, the first two letters of the word were one color and the last three another. In the other presentation, the first three letters were one color, and the last two were another. The colors were randomly chosen. The target was always the middle letter. Consider the word AZTEC with the AZT blue and the EC red. If a subject incorrectly responded that the T was red, this would be a same reading unit error. If, however, the AZ was red and the TEC was blue, responding that the T was red would be a different reading unit error. The purpose of the target-absent stimuli was to ensure that subjects paid attention to the letters and to assess how well they could perceive the letter shapes. The eight target-absent stimuli were selected from the target-present words, but the target letter was changed. Subjects were not told that the target was always the middle letter, but they were told that the target would be absent in approximately 10% of the trials.
The stimuli were presented by a 19-in. (48.3 cm) Amdek color monitor (Model 300) controlled by an Apple lie computer. Ambient light was from fluorescent ceiling lights. Subjects viewed the display from a distance of 244 cm. Each letter subtended a visual angle of 0.3° vertically and 0.26° horizontally. The center of the monitor was marked by two black squares that were always visible. These were located just above and below the location where the target letter appeared at the beginning of each trial and subtended 0.0026° of visual angle. The stimulus (five colored letters) was located in one of the four corners of an imaginary rectangle and the distance from the center of the monitor to the center of the stimulus word was 0.90° of visual angle. Two colors were randomly selected on each trial. The colors match Munsell values 2.5RP 8/6 (red), 5BG 8/4 (green), 5PB 6/10 (blue), and 5Y 8.5/10 (yellow).
Subjects. Twelve subjects from the University of California, Santa Barbara, were paid $5 for their participation in the 1-hr session. The subjects in this and all subsequent experiments were approximately evenly divided between men and women, and their ages ranged from 14 to 41 (M = 23 years). The subjects were all native English speakers, and they did not know the purpose of the experiment. All subjects had normal or corrected-to-normal vision and no known deficiencies in color vision.
Results
An analysis of variance was performed on the proportion of target-present trials on which subjects responded by choosing the color of a nontarget letter. The interaction between item type and same/other syllables was significant both with subjects as a random variable, F(\, 11) = 65.804, MS, = 4.258, p < .01, and with words as a random variable, F(\, 30) = 16.628, MS C = 25.273, p < .01. The interaction was also reliable in a combined analysis, min F'(l, 40.09) = 13.27, p <.01.
Considering only the CC items (e.g., AZTEC, DOWDY), there was a robust effect of reading units. Subjects incorrectly responded with the color of a letter within the same reading unit on 24.83% of the trials, and they responded with the color in the other unit on 8.42% of trials. This difference was reliable in analyses with subjects and items as random variables, F(l, 11) = 72.73, MS C = 10.23, and F(l, 30) = 44.17, MS e = 25.27, respectively (both ps < .01). The difference was also reliable in the combined analysis, min F'(\, 38.64) = 27.48, p<. 01.
In contrast, there was scant difference between same and other syllable responses for the phonological items (e.g., DI-ANE, NAIVE). Subjects incorrectly responded with the color of a letter within the target syllable on 16.06% of trials and with the color from the other syllable in 13.88% of trials. Although this difference is in the direction of a purely phonological effect on illusory conjunctions, the result did not approach significance with subjects as a random variable, F( 1, 11) = 1.23, MS C = 10.57, or with items as a random variable, F(l, 30) = 0.77, MS C = 24.89. There were no other significant main effects or interactions.
Although illusory conjunctions were numerous in this experiment, subjects were quite accurate at identifying the colors and perceiving the letters. They responded with a color that was not present in the display on only 0.65% of the trials, and they misperceived the letter on 0.98% of the trials (misses and false alarms).
Discussion
If the structure revealed by illusory conjunctions includes a phonological code, then with words like NAIVE, subjects should be more likely to respond with a same-syllable color. However, as in the Seidenberg (1987) and Prinzmetal, Treiman, and Rho (1986) studies, this effect was not found in the current experiment. On the other hand, when syllablelike structure was also marked by orthography, subjects were three times more likely to respond with the color of letters within the target's syllable as the other color. The idea that the reading units in these experiments are phonological in nature now has three strikes against it.
We cannot rule out the possibility that a phonological code may be generated. The code could be phonemic, not syllabic (see, e.g., Coltheart, 1978) . If this is the case, one would expect a difference in the pattern of illusory conjunctions between, for example, bigrams representing one phoneme (e.g., TH) and those representing two phonemes (e.g., ST). Most of the evidence for a phonological code comes from experiments that describe the stimuli at a phonemic level and not a syllabic level (cf. Spoehr & Smith, 1973 , but see Spoehr, 1978 ; for reviews, see Banks, Oka, & Shugarman, 1981; McCusker, Hillinger, & Bias, 1981) . Furthermore, tasks showing phonological effects often require subjects to "read" the words in order to say the word aloud, to make a word-nonword decision, or to make a semantic judgment. The relation between the present task and other word perception paradigms will be discussed further in the General Discussion section. Though the present experiments do not show evidence for phonological coding, they do show that even when subjects are not asked to read the words, they are sensitive to orthographic units of analysis.
Experiment 2
An alternative to the claim that the pattern of illusory conjunctions is the result of abstract orthographic knowledge is that the structure is stored with each lexical item. Of course, these two possibilities are not mutually exclusive, and we will argue that both abstract orthographic knowledge and lexical information are reflected in the pattern of illusory conjunctions.
One way to demonstrate nonlexical influences on performance is to test orthographically legal pseudowords. If effects with pseudowords are similar to those with words, then nonlexical processes may be involved. For example, Baron and Thurston (1973) compared words, pseudowords, and orthographically illegal nonwords in a two-alternative letter detection task (e.g., Reicher, 1969; Wheeler, 1970) . Performance with both words and pseudowords was equally better than with nonwords. However, Manelis (1974) and Juola, Leavitt, and Choe (1974) found better performance with words than with pseudowords, indicating some lexical involvement in the task. One reason for Baron and Thurston's failure to find a difference between words and pseudowords may be that each item was presented many times in the experiment. Salasoo, Shiffrin, and Feustel (1985) found that in a whole-word recognition task, performance with pseudowords approached that of words with repeated presentation. Prinzmetal, Treiman, and Rho (1986) compared words and pseudowords with illusory conjunctions. The pseudowords were created by replacing the middle (target) letter in the words with an orthographically legal letter (e.g., ABHOR, ABNOR). Subjects were more likely to respond with the color of a letter within the target's reading unit than with the color outside that unit. There was no difference between words and pseudowords. However, the effect of reading units with pseudowords may have been because the pseudowords were repeated many times in the experiment, and the pseudowords may have become familiar. Each item (words and pseudowords) was repeated four times in a block, for six blocks. With word identification, Jacoby (1983) has shown that a single presentation of a word can affect subsequent performance. The first goal of Experiment 2 is to see if the effect of reading units changes with repeated testing for both words and pseudowords.
A second possible reason that Prinzmetal, Treiman, and Rho (1986) did not find a difference between words and pseudowords is that each of the pseudowords was closely related to a word. Hence each pseudoword was maximally similar to at least one real word. For Experiment 2, we made up pseudowords for which the structure was the same as in Experiment 1. That is, reading units were divided by consonant bigrams that rarely co-occur within an English syllable. However, the pseudowords were not related to any word by the substitution of a single letter (e.g., MOTKA, IBNOX). In the jargon of word perception, the pseudowords had no close neighbors (e.g., see Glushko, 1979; McClelland & Rumelhart, 1981) .
To summarize, in Experiment 2 we tracked the effect of reading units with words and pseudowords through six presentations. In both types of items, orthographic structure was defined by a consonant bigram that rarely occurs either in the beginning or the end of an English syllable (Haber & Haber, 1983) . However, the pseudowords were not related to any specific word.
Method
The method was similar to Experiment 1. There were 72 items in a block: 64 target-present trials and 8 target-absent trials. Half the stimuli were divided by a consonant bigram after the second letter, and half were divided after the third letter (e.g., AZNAB, VODKA). The target-present stimuli are presented in the Appendix. Thirty-two of the target-present stimuli were words, and 32 were pseudowords. None of the target-absent or practice stimuli were used as targetpresent stimuli. Thus each target-present stimulus was presented once per block and had not been presented in the experiment before the first block.
As in Experiment 1, there were two color patterns. Either the first two letters were one color and the last three another, or the first three letters were one color and the last two another. Subjects were randomly assigned to two groups, and color pattern was counterbalanced across blocks and groups. Thus, for example, one group of subjects had the item GIZMO with the first two letters one color and the last three another on the even-numbered blocks, and the opposite color pattern on the odd-numbered blocks. The other group had the opposite assignment. Half of each type of item was randomly assigned to each group in one color pattern on even-numbered blocks and to the other on odd-numbered blocks. This somewhat complex design was used so that each item would appear only once per block without confounding the color pattern and stimulus item. All of the other experiments in this article used the simpler design of Experiment 1 so that each of the stimulus items appeared in both color patterns in each block. The present experiment was identical to Experiment 1 in all other respects.
Twelve subjects participated. None of the subjects had participated in any other experiment involving illusory conjunctions. The mean exposure duration was 13.5 refresh cycles (225 ms) and ranged from 7 to 17 cycles.
Results and Discussion
The results are shown in Figure 2 . Subjects were more likely to respond with the color of letters within a reading unit (18.5%) than with the color of the other letters (11.20%). This effect was reliable with both subjects and items as the random variable, F(l, 11) = 20.22, MS, = 2.20, and F(l, 62) = 24.61, MS C = 1.36 (ps < .01), respectively. It was also significant in a combined analysis, min F'(l, 50) = 14.92, p < .01. The effect of reading units was slightly larger for words than for pseudowords. For words, the percentage of within-and between-unit errors was 20.40% and 11.20%, respectively. For pseudowords, the percentage of within-and between-unit errors was 15.89% and 11.20%, respectively. Thus unlike Prinzmetal, Treiman, and Rho (1986) , there was an indication that the effect of reading units was larger with words than with pseudowords. However, the tendency for a larger effect of reading units with words than pseudowords was reliable only with subjects as the random variable, F(\, 11) = 6.25, MS e = 0.75, p < .05. The interaction of type of item (word vs. pseudoword) and reading units was not reliable with items as the random variable, F(\, 62) = 2.60, MS, = 1.36, p = .112.
There is no indication that the effect of reading units gets larger with repetition of either words or pseudowords (see Figure 2 ). However, there was a significant effect of repetition in the analysis over items, F(5, 300) = 3.58, p < .01, MS, = 0.66, but not in the analysis over subjects and items, F(5, 55) = 1.213, MSe = 2.60. The tendency for performance to get worse with practice is probably a consequence of using shorter exposure durations at the end of the experiment than at the beginning. The mean exposure durations for the first and last blocks were 14.50 and 11.92 refresh cycles, respectively: t(\ 1) = 3.48, p < .01. Repetition did not significantly interact with any variable. The tendency for the reading-unit effect to decrease with repetition for the pseudowords (i.e., Figure 2 , right panel) is not significant with either subjects or items as the random variable, F(5, 55) = 1.62, MS, = 1.07, and F(5, 155) = 1.17, MS C = 0.33, respectively.
To summarize, the effect of reading units on illusory conjunctions was slightly larger for words than for pseudowords.
This finding is probably because the pseudowords used in the present experiment were considerably less wordlike (i.e., fewer neighbors) than those used by Prinzmetal, Treiman, and Rho (1986) . This finding may also relate to the relative frequency of the syllables in words and pseudowords (Fang & Wu, 1989) . The effect of reading units with pseudowords was not dependent on the repetition of the pseudowords within the experiment: The effect was evident from the first block of trials. One possible explanation for a failure to find an effect of repetition on pseudowords is that compared with other paradigms (e.g., Salasoo et al., 1985) , the letters and colors are easy to see. Subjects made a letter error on 2.4% of the trials and responded with a color not in the display on 1.2% of the trials. The limitation on performance is not in seeing the letters or colors but in knowing which color belongs to which letter.
Experiment 3
Experiment 1 demonstrated that the reading units thus far revealed by illusory conjunctions are not phonological, and Experiment 2 demonstrated that they exist with pseudowords as well as with words. These results are consistent with the claim that illusory conjunctions reflect abstract orthographic knowledge that is not represented in specific words. In this experiment we will try to characterize the mental code on which this knowledge operates.
The mental representation of printed words has been described in at least two different ways. On the one hand, it has been characterized in terms of abstract letter-identity codes (e.g., Coltheart, 1981) . According to this view, manipulations of the physical form of the stimulus should have little effect on reading. Such manipulations include letter font, case, and size. On the other hand, the mental representation of words is hypothesized to contain information about the physical form of letters. For example, Rudnicky and Kolers (1984) proposed that "the physical signal is part and parcel of the processing and mental representation of words" (p. 245). By this view, AlTeRnAtlnG cAsE, for example, should affect word processing. By now there are perhaps a dozen studies using various tasks to study this issue. Evidence has been amassed for both points of view, and multiple codes could exist (for reviews and opposing views, see Paap, Newsome, & Noel, 1984; Rudnicky & Kolers, 1984) . The present experiment is not intended to settle the issue in a general sense. Rather, we seek to use case alternation to determine how reading units should be characterized.
In Experiment 3, case is alternated to be either consistent with reading units (e.g., VODka) or inconsistent with reading units (e.g., voDKA). Overall, subjects should be more likely to respond with the color of same-case letters than with different-case letters because same-case letters should perceptually group (Prinzmetal, 1981; Prinzmetal & Keysar, 1989) . The important test is the effect of case on reading units. If reading units exist in the medium of a physical code, then alternating case should disrupt their effect on illusory conjunctions. For example, if the unit VOD (in VODKA) is related to the physical shape of the letters, then alternating case to disrupt the unit (e.g., voD) should disrupt the syllablelike pattern of illusory conjunctions. Hence, with a stimulus like voDKA, there should be no tendency to respond with the color of the V or O. Alternatively, if reading units exist in an abstract letter-identity code, reading units should continue to affect the pattern of results. Thus, case is manipulated in a 2 x 2 manner so that illusory conjunctions could be greater within the same case versus a different case, or they could be greater within the same reading unit versus a different reading unit.
We used two types of items. Half of the stimuli had their structure determined by a consonant bigram that rarely occurs within a syllable in English spelling (as in the previous experiments). In the remaining stimuli, the structure was determined by morphology (e.g., SETUP, DEBUG; see the Appendix). Prinzmetal, Treiman, and Rho (1986) had found that morphological units affected illusory conjunctions in the same way as spelling units. If morphological units behave like spelling units with respect to the case manipulation, then their mental representation should be characterized in the same way. If these two types of reading units behave differently, then their mental representations should be characterized differently.
Method
The method was identical to Experiment 1 except for the following. There were 8 two-syllable words with orthographically determined structure (e.g., VODKA, ALBUM) and 8 with morphologically determined structure (e.g., PINUP, REPAY). As in the other experiments, either the first two letters were one color and the last three another, or the first three were one color and the last two another. Also, either the first three letters were uppercase and the last two lowercase, or the first two were lowercase and the last three uppercase. Thus the target was always an uppercase letter. Each item was presented in four target-present trials within a block: once in each case and color-pattern combination. There were eight target-absent trials chosen as in Experiment 1. The standard Apple II character set was used in this and all of the experiments reported in this article. Characters were created with a 7 x 6 dot matrix. Lowercase descenders were one dot below neutral lowercase letters, and ascenders were two dots above neutral letters.
Twenty-five subjects, recruited from among graduate and undergraduate students at Princeton University, were paid for their participation in this experiment. In terms of sex and age, they were similar to the subjects in Experiments 1 and 2. The mean exposure duration was 12 refresh cycles (200 ms) and ranged from 8 to 18 cycles. The reason for using more subjects than in Experiments 1 and 2 was to make this experiment directly comparable to Experiment 5, which used the same stimulus words.
Results
The results are illustrated in Figure 3 . As predicted, subjects were more likely to respond with the color of letters in the same case (17.8%) than with the color of those in the other case (4.1 %). This was reliable with both subjects and items as the random variable, F(l, 24) = 128.09, MS e = 8.43, F(l, 28) = 271.79, MS C = 24.82, respectively (both ps < .01). For the combined analysis, min F'(l 1, 43.6) = 87.06, p < .01.
There was also a significant effect of reading units. Subjects were more likely to respond with the color of letters within the target's reading unit (14.0%) than with the color of letters in the other unit (7.9%). This too was reliable over subjects and items, F(l, 24) = 42.89, MS, = 5.07, and F(l, 28) = 51.90, MS C = 26.20, respectively (both ps < .01). For the combined analysis, min F'(l 1, 50.5) = 23.48, p < .01.
There was a significant interaction such that the effect of reading units was greater when the letters within a unit were all the same case, F(l, 24) = 17.63, MS e = 2.74 and F(\, 25) = 10.11, MS, -29.22, for subjects and items, respectively (both ps < .01). For the combined analysis, min F'(l, 51.1) = 6.97, p < .05.
Most important, there was an effect of reading units even when the case was changed within a unit (e.g., voDKA). For these stimuli, subjects were more likely to respond with the within-unit color (5.71%) than with the between-unit color (2.46%). This difference was reliable with both subjects and items as the random variable, F(l, 24) = 14.73, MS, = 2.07, and F(l, 28) = 7.26, MS, = 26.20, respectively (both ps < .05). For the combined analysis, min F'(l, 48.6) = 4.86, p < .05. When the case was not changed within a syllable, subjects were also significantly more likely to respond with the withinunit color, F(l, 24) = 40.97, MS, = 5.75, and F(l, 28) = 56.17, MS, = 26.20 (both ps < .01), for the analysis over subjects and items, respectively. For the combined analysis, min F'(l, 49.3) = 23.69, p < .01.
Morphological stimuli (e.g., SUNUP, DEBUG) did not significantly differ from orthographic stimuli (e.g., FANCY, VODKA), nor did this factor significantly interact with any other variables. Thus in terms of mental representation, these two types of items appear to be similar.
As in the previous experiments, the limitation in performance was not seeing the color or letters. Subjects responded with colors that were not present in the display on 0.8% of the trials, and they made a letter error on 1.67% of the trials.
Additional Experiments
Before discussing the results, we will briefly discuss two additional experiments that we ran with case manipulation. The first was similar to Experiment 3 in that we changed case either within or between reading units. However, it differed from Experiment 3 in three ways. First, we used only words with orthographic reading units (e.g., FANCY, VODKA). Second, the target letter was in lowercase on half of the trials (e.g., vodKA, VOdka) and in uppercase on half the trials (e.g., VODka, voDKA). This is important because the overall effect of case in Experiment 3 could have been due to a tendency to select the color of uppercase letters. Finally, we included target-present filler trials in which the target was not the center letter. Twelve subjects were run.
The results were similar to those of Experiment 3 in that subjects were significantly more likely to respond with the color of letters in the same case as the target, min F'(l, 11.5) = 15.46, and the same reading units as the target, min F'(l, 14.8) = 26.71 (both ps < .01). The interaction between these variables was only significant with subjects as a random variable. For the same-case condition, subjects responded with the within-reading-unit color on 29.3% of trials and with the other color on 13.7% of trials. For the different-case condition, these numbers were 18.7% and 7.5%. Overall, the pattern of results was similar to Experiment 3 except that in Experiment 3 case had a larger effect on performance than reading units, whereas in this experiment, reading units had a slightly larger effect.
The second additional experiment used the same stimuli as Experiment 3. However, to make case as disruptive as possible, case was varied every letter (e.g., VoDkA, vOdKa). Twenty-five subjects were run. Even with this physical disruption of the stimuli, subjects were more likely to respond with the within-unit color, 14.0% versus 9.0%, min F'(l, 24.2) = 9.37, p< .01. As in Experiment 3, the items with morphological structure (e.g., SUNUP) did not differ from those with orthographic structure (e.g., VODKA).
Discussion
The striking result of the present experiments is that reading units still affected performance despite case changes. These results argue for a mode of representation in terms of abstract letter-identity codes. The only support for physical lettershape information in the representation of reading units is that the effect of reading units was slightly larger when the case was consistent with syllable structure. There are two reasons for caution in interpreting this interaction, however. To interpret an interaction of this form, there must be a linear relation between the measured errors and the underlying psychological construct (Loftus, 1978) . A floor effect on illusory conjunctions, for example, could cause the interaction between case and reading units.
The second reason for caution in interpreting the interaction is that even though the underlying representation may be best characterized in terms of letter-identity codes, case may make it easier or harder to discover the units. For example, Taft (1979) found that lexical decisions were faster when case was varied between syllables rather than within syllables. By this explanation, case may affect the conspicuity of units, but the units themselves consist of abstract letteridentity codes.
The characterization of reading units in terms of abstract letter-identity codes is consistent with one interpretation of an experiment by Prinzmetal and Keysar (1989, Experiment 3) . They tested Israeli subjects with unpointed Hebrew heteronyms that had different syllabifications. Unpointed Hebrew omits vowels, so a given string of letters can stand for two or more different words, depending on what vowels are inferred. Prinzmetal and Keysar used strings of letters that could stand for two different words, each with a different syllabification. In these stimuli, the structure was determined by letters (vowels) that were not physically present in the stimulus string. On each trial, one word or the other was primed. The "phantom" vowels affected the pattern of illusory conjunctions. Thus these vowels, which are not part of the physical code, may be part of the mental code.
In summary, these results demonstrate that reading units are, in part, independent of the physical graphemic code. However, case also had a large effect on illusory conjunctions, indicating that case can affect perceptual grouping (Prinzmetal & Keysar, 1989) . Furthermore, case may interact with reading units by making them more or less conspicuous.
Experiment 4
Experiment 3 is consistent with the claim that morphological information, as well as orthographic structure, affects illusory conjunctions. This is important because it indicates that reading units can be affected by lexical information. If there were no lexical effects on illusory conjunctions, then the results of Experiment 1 would not be surprising because the phonological structure that was tested depended on lexical access. For example, the correct phonological code for NAIVE cannot be determined until the string is recognized. The effect of morphological units in Experiment 3, together with similar results by Prinzmetal, Treiman, and Rho (1986) , indicates that lexical information is accessed in this task, even though subjects are not required to read the words. Thus, the reason that no purely phonological effects were found in Experiment 1 is not that lexical information is not activated in this task. Seidenberg (1987) pointed out a potential confound with the morphological units in Prinzmetal, Treiman, and Rho (1986) that also applies to the stimuli in Experiment 3. In both cases, morphological units are confounded with a simple orthographic factor: bigram frequency. For example, with the morphological stimuli in Experiment 3, the bigrams within a morpheme (e.g., PINUP) on average have a higher frequency than those that straddle a morpheme (e.g., PINUP). According to the Mayzner and Tresselt (1965) tables from a corpus of 20,000 words, the within-unit bigrams occurred an average of 341 times versus 80 times for the bigram that straddled the morpheme boundary: t(l) = 2.21, p < .05, 1-tailed. The purpose of Experiment 4 is to test whether there is an effect of morphological structure when bigram frequency is strictly controlled.
Method
The method was the same as Experiment 3 with the following exceptions. The stimulus items were seven letters long and had morphological breaks either just before or after the middle letter (e.g., SUNDIAL, SOMEDAY). All of the items were compound words (see the Appendix). Either the first three letters were one color and the last four another, or the first four letters were one color and the last three another. The target was always the center letter. The stimuli were all written in uppercase.
For each item, the bigram that straddled the morpheme boundary had a higher frequency than the bigram that included the target within the morpheme, according to the norms of both Mayzner and Tresselt (1965) and Underwood and Schultz (1960) .
Following practice, subjects were run on seven blocks of 56 items, including 8 target-absent trials. Each stimulus item was presented twice in each color combination on each block. Twelve subjects, from the same population as Experiment 3, participated in the 1-hr session. The mean exposure duration was 10.4 refresh cycles (173 ms).
Results and Discussion
Subjects were significantly more likely to respond with the color of letters within the target's morpheme (11.2%) than with the other display color (4.8%). This difference was significant with both subjects and items as the random variable, F(\, 11) = 42.84, MS, = 10.65, and F(l, 11) = 8.63, MS, = 81.62, respectively (both ps < .05). In the combined analysis, minF'O, 15.3) = 7.18,/>< .05.
As in the other experiments, the subjects rarely responded with a color that was not in the display (1.3%), and they rarely erred in determining whether the target was present or not (0.81%).
This experiment should not be taken to show that bigram frequency has no effect on the pattern of illusory conjunctions. Rather, when bigram frequency was strictly controlled, morphology still affected illusory conjunctions. It might be proposed that a more complex statistical description could account for the present results. Such a description might include trigram frequency, position-dependent bigrams, position-dependent trigrams, and so on. Undoubtedly, a more complex theory will account for more data, but at a considerable cost in parsimony. We will return to this issue in Part 2 (Experiments 5 and 6). For the present, morphology affects illusory conjunctions when bigram frequency is controlled in a conservative manner.
Part 1 Summary
In this section, we try to characterize the reading units revealed by illusory conjunctions. The mental representation of reading units, in part, can be characterized by an abstract letter-identity code, though the physical form of the letter string also affects performance. Thus far, reading units appear to be jointly determined by orthography and morphology but not by phonology.
These findings are consistent with the model proposed by Prinzmetal, Treiman, and Rho (1986) shown in Figure 1 . The model asserts that different processes determine orthographic and morphological structure. However, the experiments were directed at describing reading units, and other processing models are possible. For example, the theories of both Paap, Newsome, McDonald, and Schvaneveldt (1982) and McClelland and Rumelhart (1981) account for the effect of orthographic regularity in letter detection only with a lexical mechanism. Likewise, Richman and Simon (1989) accounted for lexical effects with a mechanism that is sensitive to orthographic regularity but without a distinct lexical component. The issue of whether two different processes are necessary to explain the orthographic and morphological effects is the topic of the next section.
Part 2: Process Models
Process models for readers' sensitivity to the regularities in written English can be divided into two classes. The first class attributes effects of orthographic regularity to prelexical mechanisms. LaBerge and Samuels's (1974) theory is of this type. According to their theory, word recognition becomes more automatic as subjects process groups of letters rather than individual letters. Similarly, the list-oriented word-recognition model of Richman and Simon (1989) learns to process groups of letters. Prelexical processes can be said to represent abstract orthographic rules in the sense that orthographic knowledgesuch as what letters are likely to follow what other letters-is not tied to particular words. Prelexical models are very well suited for explaining the reading-unit effects that we obtained with pseudowords (e.g., Experiment 2) because the stimuli themselves do not have to be stored in the lexicon for orthographic structure to affect illusory conjunctions. However, models of this type will have trouble explaining the effect we obtained with words like ANTHILL or TODAY because the correct structure of these words can only be determined after lexical access. For example, orthographically, AN-THILL could be a word.
The other class of models attributes the effect of structure to lexical processes. The models of McClelland and Rumelhart (1981) and of Paap et al. (1982) are of this type. According to these models, effects of orthographic structure are the result of lexical access. Information about orthographic structure is not stored independently of the set of words that we know. In this type of theory, general information is a consequence of exemplars. The effect of morphological structure on illusory conjunctions (e.g., with ANTHILL) is easily explained as a consequence of recognizing the stimulus. These theories are also able to explain how pseudowords can behave like words (e.g., Baron & Thurston, 1973) by postulating that pseudowords activate similarly spelled words. Thus orthographic knowledge is dependent on lexical access. Prinzmetal, Treiman, and Rho (1986) postulated that both types of processes were responsible for their results (see Figure  1) . Prelexical processes were invoked to explain the results with words and pseudowords with orthographically defined units, and lexical processes were invoked to explain the results with morphologically defined units. The results thus far are consistent with this two-process model in that at least two types of information seem to affect illusory conjunctions (i.e., orthography and morphology). However, the fact that two types of information affect performance does not necessitate that two processes are involved. Indeed, lexical or exemplar models have explained other results with pseudowords as well as with words (McClelland & Rumelhart, 1981; Paap et al., 1982; Seidenberg & McClelland, 1989) .
In this section we will establish that two processes are involved by demonstrating empirical dissociations between orthographic and morphological effects. The strategy of these experiments is best illustrated by reference to Figure 1 . If lexical access is made difficult, the effect of reading units with items like ANTHILL should be reduced, because these items require feedback from the lexicon for proper unitization. However, preventing lexical access would have relatively little effect on words like VODKA because these items do not require lexical access for unitization.
Experiment 5
This experiment used the same stimulus items as Experiment 3. For half the items, the structure was determined by orthography (e.g., VODKA, i.e., the CC words in Experiment 3); for the other half the structure was determined by morphology (e.g., SETUP). The stimuli were presented in two ways. For half the subjects, the words were presented in normal orientation just above or below the fixation point, as in Experiments 1-4. For the remaining subjects, the stimuli were presented vertically, in a column, with the first letter at the top. Vertical presentation was either in the left visual field or right visual field. All uppercase letters were used for both normal and vertical orientation. For normal orientation, we expected more illusory conjunctions within a reading unit for both types of stimuli. However, when words are presented briefly in vertical orientation, they are difficult to recognize. This should reduce the effect with stimuli like SETUP, because these items require lexical access for proper unitization. Vertical orientation should have little effect with words like VODKA because the orthographic information can be obtained with local letter analysis, and the stimulus does not have to be recognized as a whole. Processing the sequence DK may be enough to trigger the formation of reading units. In summary, if there are two different processes operating, there should be an interaction between the orientation (normal vs. vertical) and the type of item (e.g., VODKA vs. SETUP).
Because the words in the vertical orientation condition were presented in the left or right visual field, it was also possible to test for effects of hemisphere specialization for reading units or illusory conjunctions. Spoken language is processed in the left hemisphere for most right-handed subjects. Furthermore, it is generally found that words and pseudowords are reported more accurately when presented in the right visual field (left hemisphere). However, the visual field differences do not necessarily mean that the left hemisphere is better than the right hemisphere at reading. Other interpretations are possible (see Tzeng & Hung, 1985) . It may be that a verbal component in a reading task (e.g., reporting aloud, matching letter names, etc.) activates or arouses the left hemisphere, leading to better processing for stimuli in the right visual field regardless of whether the stimuli are words (Hellige & Cox, 1976; Hellige, Cox, & Litvac, 1979; Kinsbourne, 1970) . Furthermore, under some conditions, the verbal requirements of a task may overload the left hemisphere, creating a left visual field (right hemisphere) advantage-again regardless of whether the stimuli are words (Friedman & Poison, 1981; Hellige & Cox, 1976; Hellige et al., 1979; Kinsbourne & Hicks, 1978) . The present task does not seem to have any verbal requirements in that subjects report the color of a letter with a manual response. Thus, if reading units are not phonological, there may be no visual field differences in the effect of reading units.
We are aware of only one study comparing illusory conjunctions in left and right visual fields. Eglin (1987) asked subjects to report the color and identity of three unrelated letters presented in the left or right visual field. In one experiment, subjects first had to report aloud the identity of two digits that appeared with the colored letters. In another experiment, subjects had to indicate first with a button press whether two triangles pointed in the same direction. When the primary task was to indicate the direction of the triangles, the proportion of illusory conjunctions did not differ with visual field. When subjects reported the digits, there were fewer illusory conjunctions in the left visual field. These results are consistent with the idea that a verbal task can overload the left hemisphere, producing a left visual field advantage. Because our experiments did not have a dual task of a verbal nature, we expect that there will be no visual field differences in the total number of illusory conjunctions.
Method
The method was similar to Experiment 1. The same 16 words as in Experiment 3 were presented, all in uppercase. For half the subjects, the words were presented in a normal horizontal orientation exactly as in the previous experiments. For the remaining subjects, the words were presented in a vertical orientation, half of the time in each visual field. For the vertical stimuli, the distance from the center of the display to the inside edge of the words subtended a visual angle of 0.895°. The center of the words was either 0.373° above or below the horizontal meridian; this was randomly determined on each trial.
Fifty subjects, recruited from among graduate and undergraduate students at Princeton University, were paid for their participation. The subjects in the vertical presentation condition were given a handedness questionnaire that was based on the Edinburgh Inventory (Oldfield, 1971) . In this questionnaire, subjects were asked which hand they used for 10 common activities such as writing, throwing a ball, holding a comb, and so forth. For each right-hand response, subjects were scored a 1; left-hand response subjects were given a -1; and if subjects responded either hand, they received a 0. Subjects with a score of 6 or more were classified as right-handed. By this criteria, in the vertical condition 20 of 25 subjects were right-handed.
For the vertical presentation group, the mean exposure duration was 12 refresh cycles (200 ms) and it was 13.56 cycles (226 ms) for the normal presentation group.
Results
The analysis was carried out in two stages. The first stage, which used all of the subjects, examined whether the mode of presentation had differential effects on words with orthographically versus morphologically determined structure. The second stage determined whether visual field affected performance for the right-handed subjects in the vertical presentation condition.
The critical results are shown in Figure 4 . With normal (horizontal) orientation, subjects were more likely to respond with the color of letters within the target's reading unit for both morphological and orthographic items. With vertical presentation, subjects were more likely to respond with the same reading-unit color for only the orthographic items. The three-way interaction of reading-unit type, orientation, and same versus other reading unit shown in Figure 4 was reliable with both subjects and items as the random variables, F(\, 48) = 9.38, MS C = 11.67, and F(\, 14) = 4.81, MS, = 69.21, respectively (both ps < .05). This three-way interaction was marginally significant in a combined analysis with both subjects and items random, min F'(\, 29.8) = 3.18, .05 < p < .10.
Considering only the normal orientation, subjects were more likely to respond with the same unit color with both the orthographic and morphological items. With the orthographic items, the effect was reliable over subjects and items, F( 1, 24) = 87.57, MS e = 13.71, andF(l, 7) = 33.76, MS, = 111.13, respectively (both ps < .01). The combined analysis was also reliable, min F'( 1,24.4) = 12.88, p < .001. With the morphological items, the effect of reading units was also reliable over subjects and items, F(l, 24) = 16.97, MS, = 27.14, and F(l, 1) = 17.36, MS C = 85.39, respectively (bothps < .01). In the combined analysis, min F'(\, 21.9) = 8.58, p < .01. As can be seen in the left panel of Figure 4 , the reading-unit effect was slightly larger for the orthographic units. However, the interaction of reading unit and item type was reliable only with subjects as the random variable, F(\, 24) = 5.50, p < .05,M5 e = 15.05.
The picture with vertical orientation was very different (Figure 4 , right panel). Subjects were significantly more likely to respond with the same unit color only for the orthographic items, F(l, 24) = 63.31, MS C = 5.52, and F(l, 7) = 6.49, MS t = 164.67 (both ps < .05), for subjects and items, respectively. For the combined analysis, min F'(l, 8.5) = 5.89, p < .05. For the morphological items, subjects were slightly more likely to respond with the color of letters in the nontarget syllable, but this tendency was reliable only with subjects as the random variable, F(l, 24) = 5.72, MS, = 4.73, p < .05. The interaction of item type and reading unit (Figure 4 , right panel) was reliable with both subjects and items as the random variable, F(l, 24) = 68.88, and F(l, 14) = 5.69, respectively (both ps < .05). For the combined analysis, min F'(l, 24.6) = 4.11,p = .53.
To summarize, with normal presentation, subjects were more than twice as likely to respond with the color of letters within the target's unit for both orthographically and morphologically defined structure. However, when the items were presented vertically, so as to make recognition difficult, the effect with morphologically defined units was obliterated.
The results involving visual field with right-handed subjects and vertical presentation are easy to describe: There were no significant effects. The mean percentage of illusory conjunctions in the left and right visual fields was 8.77% and 9.58%, respectively. This difference was not reliable with either subjects or items as the random variable (both Fs < 1.0). The difference between same-and different-unit illusory conjunctions was 2.45% versus 3.14% in the left and right visual fields, respectively. This interaction also did not approach significance with either subjects or items as the random variable. Furthermore, the effect of visual field did not interact with type of structure (morphological vs. orthographic) or reading unit in any analysis.
Both groups of subjects were very accurate at perceiving the colors and the letters. The vertical presentation group responded with a nondisplay color on 0.69% of the trials and misperceived the letter on 1.94% of the trials (misses and false alarms). The corresponding values for the horizontal presentation group were 1.58% and 1.09%.
Discussion
Two topics warrant discussion: The lack of visual field effects and the differential effect of orientation with morphological and orthographic structure.
Visual field effects are noted for their "apparent capriciousness. .. in which relatively superficial changes of stimuli, instructions, or other task parameters can switch a performance advantage from one hemisphere to the other" (Friedman & Poison, 1981 , p. 1031 . Hence, this experiment will certainly not be the final word on hemisphere specialization and illusory conjunctions. Nevertheless, it is worth noting that the finding of no difference in the proportion of illusory conjunctions across visual fields is consistent with the findings of Eglin (1987) . It is possible that if we added a verbal report task, as in one of Eglin's experiments, the capacity of the left hemisphere may be taxed, resulting in a left visual field advantage. The other noteworthy result was that the effect of reading units did not vary with visual field. If reading units are phonologically based, contrary to our claims, one might expect a larger effect of reading units for stimuli in the right visual field (left hemisphere). No such effect was found.
The finding that vertical presentation eliminated the effect of morphologically based reading units, but not orthographically based units, is consistent with the claim that two different processes are responsible for the effect. The reason that the effect with morphologically based units ceased with vertical presentation is that stimuli like SUNUP must be recognized (or their constituent morphemes) before these words can be appropriately parsed. Thus there could be an English word SU-NUP. The reason that vertical presentation did not eliminate the effect with words like VODKA is that appropriate parsing can take place on the basis of local letter information. In English spelling, the sequence DK generally signals a syllable break. It should be noted that not all orthographic constraints operate on local letter analysis. For example, the sequence CK is legal at the end of syllables, but not the beginning of syllables, whereas the opposite is true of CR. It is unclear what effects vertical presentation would have on orthographic constraints that depend on more global analysis.
It may seem strange that vertical presentation had such different effects on morphologically and orthographically determined syllables, whereas case alternation (Experiment 3) affected both types of structure in the same way. According to this view, unlike vertical presentation, case alternation affects lexical access only to the extent that it makes the individual letters more difficult to recognize, but it does not affect lexical access (Paap et al., 1984) . In the present experiments, subjects were very accurate in perceiving the letters and the colors. Hence, letter perception, per se, did not limit performance.
There is an alternative to the two-process interpretation of the results in Figure 4 . The interaction could have been the result of a ceiling on the effect of orthographic structure in the normal orientation condition. It could be that vertical orientation reduces the effect with both types of items but that it is less apparent with the orthographic units because that effect would have been greater without a ceiling. Generally, an interaction of the form we found could have been the result of a nonlinear relation between the underlying psychological variable (true illusory conjunctions) and the dependent measure (responses of a nontarget display color; see Loftus, 1978; Prinzmetal, Presti, & Posner, 1986) . One way of overcoming this problem is to use a stimulus set in which the effect of morphological units is larger than with orthographic units. Then, if lexical access is prevented, the effect with morphological units will be less than orthographic units, creating a crossover interaction. Crossover interactions are not susceptible to the measurement artifact discussed here (Loftus, 1978) . This is one of the goals of Experiment 6.
Experiment 6
The goal of Experiment 6 was to demonstrate a dissociation between the effect of reading units that are defined orthographically and those that are defined morphologically. Experiment 6 differed from Experiment 5 in three ways. First, we used words for which morphological structure had a larger initial effect on illusory conjunctions than did orthographic structure. Second, we used a different method of preventing lexical access. Finally, we demonstrated that priming a lexical item can influence illusory conjunctions.
There were three groups of subjects. Subjects in the baseline group were presented seven-letter words in uppercase and normal orientation, exactly as in Experiment 4. Half of the stimuli were compound words that had their structure defined by morphology. These were the same items as presented in Experiment 4 (e.g., ANTHILL, PINKEYE). The remaining items had their structure defined by orthography in the same way as in the previous experiments: The occurrence of two consonants that generally do not co-occur within a syllable in English spelling (e.g., PRETZEL, BOURBON). Pilot data indicated that we would get robust reading-unit effects with both sets of stimuli but that the effects of morphological structure would be larger.
The second group of subjects received the same stimuli as the baseline group, except that the first and last letter of each stimulus word was changed to the letter X (e.g., ANTHILL -» XNTHILX; PRETZEL -» XRETZEX). This group will be referred to as the X... X group. We predicted that reading units would still affect performance with items like XRETZEX because these items do not have to be recognized as wholes to be appropriately parsed. The orthographic constraint can be discovered with local letter analysis (i.e., TZ in XRETZEX). However, items like XNTHILX should not show more illusory conjunctions within a unit, because these items can not be appropriately parsed unless they are recognized.
The final group received the same stimuli as the X... X group, except before each trial, the stimulus was primed with the word from which it was derived. This group will be referred to as the X... X primed group. Recall that before each trial subjects received a target centered between two vertically aligned fixation points. The X... X primed group was presented with the whole, unmutated stimulus word before each trial with the target letter centered between the fixation points. Thus, for example, a trial might begin with the presentation of PRETZEL for 1.5 s. This would be followed by a brief presentation of XRETZEX and, as before, the task was to indicate the color of the T, if present.
The conceptualization of the X... X primed condition is that presenting a word before each trial might prime or preactivate the lexical entry for that word. It should then take very little information consistent with that item to activate it. Thus, if ANTHILL is primed, then even XNTHILX may activate ANTHILL. If this is so, when presented with XNTHILX, subjects might be more likely to respond that the H is the color of the ILX than the color of the XNT.
Method
There were 16 subjects in each group; they were selected as in Experiment 4. The seven-letter stimulus words were presented exactly as in Experiment 3 (i.e., horizontal presentation) except that those in the X... X primed group were presented with a whole word before each trial. In this condition, subjects were told that the target was the center letter (i.e., one between the fixation points) and that they could ignore the other letters. There were 96 target-present trials and 12 target-absent trials in each block. Thus each of the 24 stimulus items was presented four times in each block. The mean exposure durations for the baseline, X... X, and X... X primed groups were 12.9, 13.5, and 10.8 refresh cycles, respectively.
Results and Discussion
The critical results are shown in Figure 5 . In the baseline condition, there were more illusory conjunctions within a unit for both the morphological and orthographic items. In the X... X condition, the effect of reading units with morphological items is eliminated, but the effect remained with the orthographic items. When the X... X items are primed with the words from which they were derived, the effect of morphological structure reemerges. The three-way interaction of reading unit, item type, and presentation condition shown in Figure 4 was reliable with both subjects and items as the random variable, F(2, 45) = 14.85, MS, = 9.70, and F(2, 44) = 11.58, MS e = 16.59, respectively (both ps < .01). In the combined analysis, min F'(2, 87.4) = 6.51, p < .01. Considering just the orthographic items, the effect of reading units was reliable over both subjects and items, F(\, 45) = 65.13, MS, = 14.11, and F(l, 11) = 9.48, MS, = 67.29, respectively (both ps < .05). In the combined analysis, min F'(l, 14.4) = 8.28, p < .05. For these items, the effect of reading unit did not significantly interact with presentation condition (baseline vs. X... X vs. X... X primed) with either subjects, F(2, 45) = 1.48, or items, F(2, 11) = 2.29, as the random variable.
Considering the morphological items, the effect of reading units did significantly interact with presentation condition with both subjects and items as the random variables, F(2, 45) = 25.30, MS, = 14.11, and F(2, 22) = 23.11, MS, = 22.48, respectively (bothps < .01). In the combined analysis, min F'(2, 57.2) = 12.08, p < .01. In the baseline condition, the effect of reading units was reliable over subjects and items, F(l, 45) = 85.27, MS e = 15.40, and F(l, 11) = 28.69, MS, = 61.04, respectively (both ps < .01). In the combined analysis, min F'(l, 19.1) = 21.46, p < .01. In the X... X condition, the effect of reading units was not reliable over either subjects or items (both Fs < 1.0). Finally, for the X.. .X primed condition, a significant effect of reading units was resurrected, F(l, 45) = 21.95, MS, = 15.40, and F(l, 11) = 10.70, MS, = 42.12, in the analysis with subjects and items as the random variable, respectively (both/TS < .01). In the combined analysis, min F'(l, 23) = 7.19, p < .01.
As in the previous experiments, the limit on performance was not correctly perceiving the colors and letters but correctly joining them. Subjects responded with a color not in the display on 0.55% of the trials, and they made a letter error on 1.99% of the trials (misses and false alarms).
In the present experiment, we were able to devise a second way to inhibit lexical access and to demonstrate a true crossover interaction between words whose structure is determined by local orthographic constraints and those whose structure is determined by morphology. In addition, we showed that it is possible to prime a nonword with a similar word and obtain a pattern of illusory conjunctions consistent with the primed word. This is consistent with the idea that at least some of the effects of orthographic structure are due to feedback from the lexicon (McClelland & Rumelhart, 1981; Paap et al., 1982) . This kind of priming may or may not extend to semantic associates. Furthermore, it would be interesting to test whether orthographic patterns could be primed. For example, TH (in ANTHILL) did not serve as a unit, but it might be possible to make it function as such by preceding the stimulus with a prime for which the bigram is a unit. In any case, Experiment 5 provides a further empirical dissociation between words whose structure is determined by orthography and morphology. Prinzmetal, Treiman, and Rho (1986) claimed that two different processes may underlie the pattern of illusory conjunctions in their experiments. The experiments in Part 2 were consistent with the claim that two sources of information can be used to parse words into reading units. Experiments 5 and 6 demonstrated empirical dissociations between morphological (lexical) and orthographically determined structure, and therefore argue for two separate processes. These two processes might underlie other effects in word perception. For example, the finding that letters in words are identified more accurately than letters in nonwords (Reicher, 1969; Wheeler, 1970 ) may be partly due to both of these processes. Abstract orthographic knowledge could be used prelexically to help identify letters (e.g., Massaro et al., 1979) . Feedback from the activation of similarly spelled words may also assist letter identification (e.g., McClelland & Rumelhart, 1981) . Experiments 5 and 6 open up the possibility that these two kinds of processes can be empirically separated in other paradigms.
Part 2 Summary
The relation between the findings with illusory conjunctions and with other word perception tasks (e.g., lexical decision) will be discussed further in the General Discussion section. First, however, we turn our attention to the relation between the present word perception task and a task of considerable practical as well as theoretical interest: reading.
Part 3: Relation to Reading Just and Carpenter (1987, chap. 2) list several reasons for caution in extrapolating results from word and letter perception tasks to reading in general. First, many of these tasks degrade the stimuli by using very brief presentations, as in the present task, whereas in normal reading words can be viewed for an unlimited time. Second, many tasks do not provide any linguistic context. Third, the task itself might introduce demands that are not part of normal reading to the reading process while not requiring readers to abstract meaning. All of these cautions apply to the illusory conjunctionreading-unit results. The goal of this section is to begin to establish a link between this task and reading.
We approach the generality problem in two ways. First, we will present an analog to the present task that does not require a brief exposure and yet yields many of the same unitization results. Second, we will look for a correlation between reading ability, as measured by standardized reading tests, and the effect of reading units.
An analog to the present task that does not require brief exposure was explored by Prinzmetal and Keysar (1989, Experiment 4) . The experiment used the phenomenon of neon colors (Van Tuijl, 1975) and is illustrated in Figure 6 . In this experiment, gray letters were presented on a black background. The first two letters were overlaid with a grid of either red or green lines, and the last two letters were overlaid with a grid of the other color. The middle letter was overlaid with an alternating plaid of red and green lines. For example, in Figure 6 , if the thin lines represented red and the thick lines green, the VO will appear pink, and the KA will appear green. The subject's task was to indicate the color of the middle letter by selecting a matching Munsell color chip. Stimuli remained in view until the subject responded. Subjects were more likely to select the color of letters within the same reading unit than the color of the other syllable (i.e., pink in Figure 6 ). Although the color of the middle letter was ambiguous, the letters in the words were not degraded by a brief presentation or in any other way. Prinzmetal (1990) demonstrated that the reading-unit effect with neon colors could not be attributed to a guessing bias. Furthermore, results with neon colors were similar to illusory conjunctions in the following ways: (a) Both methods show effects of morphology and orthography; (b) neither method shows effects of purely phonologically defined syllables (e.g., NAIVE); (c) both methods work with pseudowords; and (d) neither method shows effects of repeated presentation (with skilled readers).
In Experiment 7, the same subjects performed illusory conjunction and neon colors tasks with the same five-letter pseudowords so that the results from these tasks could be directly compared. Although stimulus letters in the neon colors task do not involve any visual degradation, Just and Carpenter's (1987) other cautions still apply. Thus to begin to establish a relation between both tasks and reading, all of the subjects were also given the Peabody Individual Achievement Reading Comprehension and Reading Recognition tests (American Guidance Services). To obtain a wide range of reading abilities, subjects from fifth to eighth grade were tested.
An obvious hypothesis is that subjects who do not read English will show no influence of reading units in either task, whereas those who do read well will perform like the previously tested college students. Thus sensitivity to reading units might gauge reading ability. However, a clear relation between reading ability and effects of reading units cannot be taken for granted. For example, the Stroop interference task is similar to both the illusory conjunction and neon colors tasks in several ways. Yet, the relation between reading ability and the Stroop task is not monotonic. The amount of the Stroop effect increases from preschool to about the time subjects reach first-or second-grade reading ability and then decreases throughout most of the rest of life (Comalli, Wapner, & Werner, 1962; Schadler & Thissen, 1981; Schiller, 1966) . Thus, in general, better readers show less of a Stroop effect. Similar results are obtained with the picture-word interference task, in which subjects must name a picture on which a word is superimposed (Rosinski, Golinkoff, & Kukish, 1975) . Training on recognizing specific words can even decrease the picture-naming interference task (Ehri & Wilce, 1979) . Thus a simple relation between reading ability and effects of reading units is hardly a forgone conclusion.
Experiment 7
This experiment had three parts, and each subject participated in each part. The three parts were an illusory conjunction task, a neon colors task, and two reading assessment tests. Half the subjects began with the illusory conjunction task and had the neon colors task last, and the remaining subjects had the opposite order. All of the subjects had the reading tests second. The same five-letter pseudowords were used in the neon colors and illusory conjunction tasks. Pseudowords were used to ensure that good and poor readers had the same previous experience with the specific stimuli used in the experiment. All three tasks were completed in one 1.5-to 2-hr session.
Method
Illusory conjunction task. The design and method was the same as the other studies reported here with the following exceptions. Each subject was tested for five blocks of 72 trials per block (64 targetpresent trials). The stimuli were five-letter pseudowords with syllable breaks either just before or after the middle letter (e.g., ELBUR, CALBO; see the Appendix). All subjects were run at the same exposure duration (17 refresh cycles, 283 ms).
Neon colors task. The method was similar to Prinzmetal and Keysar (1989) and Prinzmetal (1990) . Subjects were presented the five-letter pseudowords, one at a time, and they had to decide whether the middle letter appeared more red or green. The stimuli remained in view until subjects responded by pressing one of two buttons.
Each of the 16 pseudowords was presented four times in a block of trials. The first two letters were overlaid with red lines on two of these trials, and green on the other trials. The order of presentation within a block was random, and each subject participated in four blocks.
The stimuli were gray on a black background. Either of the first two letters were overlaid with a grid of red (Munsell 2.5 R 7/6) or green (Munsell 2.5 BO 7/6) lines. The last two letters were overlaid with the other color, and the middle letter was overlaid with an alternating plaid, as in Figure 6 . The stimuli subtended 0.2° of visual angle vertically and 0.8° horizontally. The stimuli were presented on a Vectrix color system. Other details can be found in Prinzmetal (1990) and Prinzmetal and Keysar (1989) .
Reading assessment tests. The Peabody Individual Achievement Reading Recognition and Reading Comprehension tests (American Guidance Service) were administered by a female experimenter (Vest). The Reading Recognition test was given first. In this test, subjects read aloud printed words. Most of the words in this test were regular, but some hermit and irregular words were included. In the Reading Comprehension test, subjects read a sentence, which was then removed, and then they picked out a picture that matched the meaning of the sentence. Both of these tests measure accuracy, and responses are not timed.
Subjects. Twenty-seven subjects (18 male, 9 female) ranged in age from 10 years, 9 months, to 13 years, 7 months (M -11 years, 8 months). School grade levels ranged from fifth to eighth grade (M = 5.9). All of the subjects had normal or corrected-to-normal vision and no known problems in color vision. Because of computer malfunctions, the data were lost from 1 subject on the neon colors task and 2 subjects on the illusory conjunction task. Subjects were recruited from the Princeton, NJ, area from newspaper advertisements, acquaintances of the authors, and the Lewis School (Princeton, NJ). Subjects were not selected to represent any particular populations of readers (e.g., classified dyslexic); we merely wanted to get subjects with a range of reading abilities. Subjects were paid $ 15 for their participation.
Results
Our subjects exhibited a substantial range of reading abilities. Reading Recognition scores ranged from 30 to 81 (approximately 2nd grade to greater than 12th grade) with a mean of 62.3 (9th grade). Likewise, the Reading Comprehension scores ranged from 29 to 80 (approximately 2nd grade to greater than 12th grade) with a mean of 58.8 (9th grade).
The effect of reading units on neon colors was measured with the proportion of trials on which subjects responded with the same-syllable color. This proportion was significantly correlated with the total reading score, r = .32, p < .05. Considering only Reading Recognition, reading ability was significantly correlated with the proportion of same color responses, r = .39, p < .025. However, the correlation with Reading Comprehension failed to reach significance, r = .24.
The effect of reading units on illusory conjunctions was measured by the proportion of same-syllable illusory conjunctions divided by the total number of illusory conjunctions. This proportion was significantly correlated with the total reading score, r = .39, p < .025. Considering only the Reading Recognition scores, reading ability was significantly correlated with effect of reading units, r = .37, p < .05. Considering only the Reading Comprehension score, the correlation with the effect of reading units was also significant, r = .37,p<.05.
Although reading scores were significantly correlated with the effect of reading units for both illusory conjunctions and neon colors tasks, age did not significantly correlate with the effect of reading units for either task. The correlation of age with the proportion of same-syllable responses in the neon colors task was r = .05. The correlation of age and the proportion of same-syllable illusory conjunctions was higher (r = .25) but still not significant. Thus reading ability, not age, was the best predictor of sensitivity to reading units in this experiment.
Even though a higher proportion of good readers' illusory conjunctions were in the same syllable, good readers generally made fewer errors overall than poor readers. The correlation of total reading ability and the total number of errors on the illusory conjunction task was r = -.39, p < .05.
Subjects who showed a sensitivity to reading units in one task tended to show a sensitivity to reading units in the other task. Thus the correlation between the effect of reading units in the neon colors and illusory conjunction task was r = .43, p < .05. Considering the illusory conjunction task by itself, the results were similar to the previous experiments. Subjects were significantly more likely to respond with the color of letters within the target's syllable, 8.33% versus 4.80%. This was reliable over both subjects and items as the random variable, F(l, 24) = 11.54, MS, = 17.23, and F(l, 14) = 6.64, MS e = 93.62, respectively (both ps < .05). Reading units also had a significant effect in the combined analysis, min F'(l, 29.1) = 4.21, p < .05. Subjects responded with a color that was not part of the display on 1.6% of the trials and made a letter error on 3.21% of the trials.
Considering the neon colors task by itself, subjects responded with same-syllable color (56.7%) more than the other-syllable color (43.4%). This difference is significantly greater than expected by chance with both subjects and items as the random variable, F(l, 25) = 7.61, MS C = 58.0, and F(\, 15) = 6.99, MS e = 885.35, respectively (both ps < .05). In the combined analysis, the effect of reading units approached significance, min F'(l, 36.7) = 3.64, .10 >p > .05. Overall, the results with neon colors were similar to those of Prinzmetal and Keysar (1989) and Prinzmetal (1990) .
Discussion
Better readers showed greater sensitivity to reading units than poorer readers. Of course, the present study suffers from the same problems as other correlational studies in that it is difficult to ascribe causation. It could be that both reading ability and sensitivity to reading units are related to some third variable that is not at all related to reading. Although a third variable may be mediating our results, it seems implausible that such a variable would be completely unrelated to reading.
The question remains, however, as to what role reading units play in reading. Certainly there are a number of skills in reading that are not captured by our tasks, such as appropriate use of linguistic context, phonological decoding of new words, and so forth. In this regard, we note that our correlations were not high, though the exact magnitude of the correlations is, in part, dependent on the degree of variability in the sample. Furthermore, the magnitude of the correlation will also depend on how reading ability is assessed. For example, the correlation with neon colors and the Reading Comprehension test was not significant. The Reading Comprehension test contains components that are unrelated to word structure. For example, it has a verbal memory component in that subjects must remember the sentence until the picture is shown. It also has a problem-solving component in that many of the picture foils are quite similar. The unitary concept of reading ability is probably best considered a convenient fiction in that numerous skills contribute to reading.
The problem remains, however, to characterize the role of reading units in reading (or reading in other, more natural contexts). In this regard, the present study raises numerous possibilities. The following speculations will be presented in the context of the two-process model (Figure 1) .
First, it may be that sensitivity to orthographic structure is not a prerequisite to recognition, per se, but represents the knowledge that advanced readers have available for rapid decoding. If this is the case, then results in an illusory conjunction (or neon color) task should not vary, depending on whether a poor reader can recognize a particular word. This possibility seems likely because neither good readers nor poor readers were familiar with the pseudowords that we used. Hicks (1986) performed a study that was very similar to the present study except that he used real words with orthographically determined structure (e.g., BANJO, ARBOR). With sixth-grade subjects, he found a correlation of .47 between a standardized reading score and the proportion of withinsyllable reading units. Unfortunately, he did not test the subjects for recognition of the stimulus words.
With morphologically determined structure, however, it seems likely that whether a poor reader can recognize a particular word would determine whether the subject would show sensitivity to morphological structure. The critical factor may be recognition of word wholes (i.e., ANT-HILL) or word parts (i.e., ANT and HILL).
Recognition training with poor readers might also have different effects with morphologically and orthographically determined structure. Learning to recognize ANTHILL might facilitate sensitivity to reading units with the word ANTHILL, but learning to recognize BOURBON would have less of an effect. A training study could also be useful in determining whether the effect with words like ANTHILL requires a lexical representation of ANTHILL, or whether the effect results from subjects recognizing the two morphemes separately (i.e.,
ANT and HILL).
Testing subjects with a range of reading abilities on laboratory tasks may yield insights into components of readingwith occasionally surprising results. Thus, it is widely believed that beginning readers rely on phonological coding (e.g., LaBerge & Samuels, 1974 ). Yet only advanced readers show an effect of pronounceability on a Stroop-like task (Guttentag & Haith, 1978) . Hence, although the present study is only the barest beginning of understanding the role of sensitivity to reading units, obtaining systematic results with children with a range of reading abilities opens up a number of research possibilities.
General Discussion
When subjects incorrectly report the color of a target letter, subjects are more likely to report the color of letters from the same syllablelike unit than the color of other letters. Illusory conjunctions offer a useful tool for investigating the mental representations and processes that are automatically evoked when subjects are presented with words and pseudowords. The mental representation includes information about a unit of analysis that we have termed reading units. Reading units are not phonological (Experiment 1) but correspond to orthographic patterns (Experiment 2) and morphemes (Experiment 4). Reading units are best thought of in terms of an abstract letter-identity code (Experiment 3). They derive from at least two different processes, one of which critically depends on lexical access and one that does not (Experiments 5 and 6). Finally, good readers show greater sensitivity to reading units than poor readers (Experiment 7).
We have organized the results around the model presented in Figure 1 , which simply asserts that orthographic knowledge affects the perception of the stimulus independently of lexical feedback. Orthographic knowledge includes information about likely letter sequences in English words. However, bigram frequency is probably not an adequate way to represent this knowledge. In Experiment 6, for example, given the string XNTHILX, with H as the target, subjects were not more likely to respond with the color of the T even though TH has a higher bigram frequency than HI.
Instead of bigram frequency, Prinzmetal, Treiman, and Rho (1986) proposed the following scheme to represent orthographic knowledge. Many regularities in English spelling can be accounted for by the concept of an orthographic syllable (also see Haber & Haber, 1983; Taft, 1979) . Orthographic syllables are organized around letters representing vowels. This vowel token may be bigram, and it may or may not correspond to a single phonological vocalic peak (e.g., AI in NAIVE). Essentially, good readers know which consonants or consonant clusters are likely before vowel tokens and which are likely after vowel tokens. Consonant clusters that rarely occur in either initial or final syllable positions indicate a break between orthographic syllables. A medial consonant that is legal before and after the vowels can be grouped with either or perhaps both units. Note that this scheme is different from the orthographic syllables proposed by Taft (1979) , which group medial consonants with the preceding syllable whenever possible (e.g., CAM EL). There is considerable evidence against Taft's orthographic syllables (e.g., Lima & Pollatsek, 1983; Prinzmetal, Treiman, & Rho, 1986; Seidenberg, 1987) . Our scheme is considerably more flexible, yet it will generate only legal English spelling. However, words may be parsed in a manner that is inconsistent with phonology.
Implicit knowledge of the spelling regularities of English could assist readers in several ways. First, it could speed recognition and decrease processing load by assigning higher probabilities (weights) to likely letters. This differential priming has to be dynamic in that the analysis of one letter may be influenced by the concurrent analysis of other letters. In the same way, orthographic regularities may assist processing of noisy or degraded stimuli, such as with a brief presentation and/or visual masks (e.g., Wheeler, 1970) . Information about orthographic regularities could have practical uses as well. For example, an optical character recognition program could use information about spelling regularities to help resolve ambiguities with noisy stimuli.
The spelling structure revealed in the present work has some relation to phonology in that reading units usually correspond to phonological syllables. Words like CANAL and NAIVE are exceptions. There are at least three possible ways to describe the relation between reading units and phonology. The first possibility is that reading units do correspond to the phonological syllables that result from a prelexical mapping of graphemes to a phonological code. By this argument, graphemes like AI (from NAIVE) usually get parsed as a single phoneme. The fact that NAIVE is an exception gets discovered postlexically. One problem with this argument is that it does not explain why some lexical information affects performance (e.g., morphology), but phonology does not. More damaging to this view is the observation that the effect of reading units does not covary with whether the vowel bigram is more often a part of the same phonological syllable or not. For example, the letters IO (from DIODE, KIOSK, PIOUS, and RIOTS) usually are not part of the same phonological syllable, whereas the letters AI usually belong to the same phonological syllable.
1 Nevertheless, in Experiment 1, words with IO were no more likely to show an effect of phonological syllables than were the words with AI.
The second possibility for the relation between phonology and reading units is that when learning to read, graphemes that correspond to phonological units become unitized by virtue of their relation to phonology (e.g., see LaBerge & Samuels, 1974) . As readers become more advanced, the relation between phonology and orthography becomes decoupled, and readers can use the more efficient orthographic code. This view might predict that children just learning to read would show effects of phonology on illusory conjunctions, whereas good readers would not. This may be particularly true if students are being taught with a reading method that emphasizes spelling-to-sound correspondences.
A third possibility is that phonology does affect reading units but that these units are not syllabic. When subjects are presented a word, they may automatically generate a phonological code in terms of a sequence of phonemes, not syllables. Coltheart (1978) argued explicitly for a phonemic code and not a syllabic code. It might be possible to look for the consequences of such a code with illusory conjunctions by comparing bigrams representing one or two phonemes (e.g., TH vs. ST).
Finally, phonology might not play any role in reading units in terms of processing. By this view, the relation between reading units and phonology is a coincidence related to the way English orthography developed. Consistent with this view is the fact that there does not have to be any relation between phonology and orthography to observe regular effects of orthography on illusory conjunctions. Fang and Wu (1989) found that illusory conjunctions of stroke components in Chinese characters were affected by the frequency of the units. The more frequent a unit, the less likely that unit was to yield its components in an illusory conjunction. The problem is to describe the grammar of the units. For English, we suggested that the frequency of an orthographic unit, as a whole, is probably not the significant variable because some of our pseudoword reading units are nonexistent or very rare in English (e.g., ZOT, HAK). Consistent with our description of reading units above, it may be the frequency of graphemes in particular functions that is critical. For example, CK is not infrequent as a unit-final grapheme, but it is rare (or nonexistent) as a unit-initial grapheme.
The reading units that we are exploring are the multiletter units of analysis that are formed when subjects observe words but are not asked to make a lexical decision or to articulate the words. Some recent neurophysiological evidence suggests that merely observing a word does not activate a phonological code. Peterson, Fox, Posner, Mintun, and Raichle (1988) measured cerebral blood flow with positron emission tomography when normal subjects were engaged in various tasks. When subjects just observed words, compared with a fixation point, blood flow was increased bilaterally in several occipital areas. This blood flow pattern was very different from the pattern observed when subjects made rhyme judgments, a task that presumably demands the formation of a phonological code .
Of course, the lack of a phonological effect with illusory conjunctions does not mean that prelexical phonological coding does not occasionally take place in other reading tasks. In both the lexical decision task and naming tasks, there is evidence that the lexicon is accessed with a phonological code, provided that words are sufficiently unfamiliar (Coltheart, 1978; Paap & Noel, 1989 ). In the naming task, in particular, it is surprising that the "phonological route" to the lexicon is only apparent with infrequent words (Paap & Noel, 1989) . Carr and Pollatsek (1985) concluded that phonological effects may be most likely to occur "in situations where words are quite unfamiliar, or in situations that require unpracticed decisions about the phonological structure, lexical status, or meaning of letter strings" (p. 9). Phonological effects have also been observed in tachistoscopic tasks that involve a verbal memory component (e.g., Spoehr, 1978) . It should not be too surprising that we have not found clear phonological effects with illusory conjunctions because none of the conditions described above were true in the present experiments.
The sensitivity that subjects exhibited in our experiments to orthographic structure is one side of the picture; lexical feedback is the other. The frequency of groups of letters may well account for the morphological effects that we found. The experiments showing morphological effects raise several questions. For example, we do not know whether the effect with a word like ANTHILL arises because there is a unitary representation of this word that consists of two parts, or whether subjects independently recognize the constituent words. In this regard, it would be interesting to compare bound and unbound morphemes.
Morphological feedback, like orthographic knowledge, may well assist word perception and reading. Some word and letter perception effects with degraded stimuli may be the result of lexical feedback. For example, a word code may activate its constituent letters (e.g., see Greenberg, 1988; McClelland & 1 The vowel bigrams AI and IO had the highest frequency of all the vowel bigrams in Experiment 1 (Mayzner & Tresselt, 1965) , and they serve very different phonological roles. To demonstrate the phonological differences, we searched a computerized version of the Concise Version of the Random House Dictionary (Sensible Speller software) for all five-letter words with AI or IO in a medial position. (This dictionary has approximately 80,000 words.) The bigram AI occurred within a single phonological syllable on 77% of the words for which syllabification could be unambiguously determined. The bigram IO occurred within a single syllable on 32% of the five-letter words containing this bigram. Although phonologically quite different, stimuli with these bigrams yielded exactly the same proportion of within-phonological-syllable responses. Rumelhart, 1981) . Furthermore, with degraded stimuli, subjects are biased to see words rather than nonwords (Estes, 1975) . Reading might be assisted by recognizing small words in big words. Many reading programs practice students at finding small words in large words as part of "word attack" skills. Lexical feedback might be in a small way responsible for the orthographic effects that we observed. Consider the effects in Figure 5 for orthographic structure in the X... X and X... X primed conditions. The effect of orthographic structure was larger when the stimuli were primed than when they were not. However, this interaction did not reach significance with either subjects or words as the random variable, so the issue remains unresolved.
Although some of the questions that we have investigated could and should be addressed with other methods, illusory conjunctions have afforded us the opportunity to explore issues that could not be addressed with previous methods. For example, the role of specific proposed units has been investigated with lexical decision and naming by presenting words printed with either spaces or case changes at appropriate or inappropriate locations (VOD KA vs. VO DKA; e.g., Lima & Pollatsek, 1983; Mewhort & Beal, 1977; Pring, 1981; Taft, 1979) . Thus these techniques could be used to compare phonological versus nonphonological units with words like NAIVE, DIANE, and CANAL. The words could be presented with spacing appropriate to phonology (NA IVE) or inappropriate to phonology (NAI VE). Different tasks may give different results, depending on the involvement of phonology. Thus lexical decision latency may or may not be affected by appropriate spaces separating phonological syllables. However, naming latency may be more likely to show affects of phonology.
The processing dichotomy between lexical and nonlexical processes in Experiments 5 and 6 cannot be studied with lexical decision because this task necessitates lexical processing. 2 The naming task does not logically require lexical access, but probably engenders it in many cases (e.g., Frost, Katz, & Bentin, 1987) and therefore is also not a good way to study optional lexical versus nonlexical processes. However, it might be possible to study lexical and orthographic components of the word superiority effect (Reicher, 1969) by making stimuli easy or hard to recognize, as in Experiment 5. This possibility is attractive because some theories attribute the word superiority effect to perceiving subword groups of letters (e.g., Richman & Simon, 1989) , and other theories attribute the effect to feedback from the lexicon (McClelland & Rumelhart, 1981) . These are not mutually exclusive possibilities. Unfortunately, in the word superiority experiment it is difficult to compare specific units of analysis. For example, one might place spaces in appropriate or inappropriate locations, as with the lexical decision task. However, it is impossible to make a priori predictions with this manipulation. Detection of a target letter, for example, D, in an appropriately parsed stimulus (e.g., VOD KA) might be better than in an inappropriately parsed stimulus (e.g, VO DKA), in a fashion analogous to the lexical decision task. Alternatively, performance on the inappropriately parsed stimulus might be better because the target is isolated from the other letters in its group (Banks & Prinzmetal, 1976; Prinzmetal & Banks, 1977) . Worse, these two factors may both have an influence. The illusory conjunction and neon colors tasks have extended the range of questions that can be asked about word perception.
Our approach has components in common with several other theories. Almost all theories of word perception have abstract letter-identity codes as the prime unit of analysis. As in some other approaches, we also have a multiletter unit of analysis. However, the reading units discussed here do not correspond exactly to phonological units (cf. Gibson et al., 1962; LaBerge & Samuels, 1974; Spoehr & Smith, 1973) . Furthermore, our orthographic rules allow a considerable amount of flexibility in parsing (cf. Taft, 1979) .
In terms of processing, previous theories have explained performance in various word perception tasks in terms of lexical mechanisms (e.g., McClelland & Rumelhart, 1981; Paap et al., 1982) or in terms of prelexical mechanisms (Richman & Simon, 1989) . In the illusory conjunction task, we have evidence that both types of information are necessary-thus the model sketched in Figure 1 . It remains to be seen whether both mechanisms are involved in other tasks. Furthermore, some tasks may require additional mechanisms to explain performance. For example, the lexical decision task may require a phonological component to access the lexicon (McCusker, Hillinger, & Bias, 1981 ; but see Humphreys & Evett, 1985) .
Some recent theories in word perception are specified in a degree of precision that enables them to be directly implemented with computer hardware. We find such efforts laudable, although we have not implemented our ideas on computer. From the current findings, and those in the literature, we do not know whether the lexicon should be implemented as a node in a connectionist network (e.g., McClelland & Rumelhart, 1981) , as a constellation of weights in such a network (e.g., Seidenberg & McClelland, 1989) , as a list of letters (e.g., Paap et al., 1982; Richman & Simon, 1989) , or by some other means. Similarly, the orthographic rules that descirbe reading units could be expressed in terms of a stochastic process (Prinzmetal, Treiman, & Rho, 1986) or connectionist network that learns the rules from input. For our present purposes, the ideas expressed in Figure 1 could be implemented in a great many ways.
Nevertheless, the work reported here should put constraints on explicit computational theories. In some ways, theory making has outpaced our understanding of the constraints that should be put on the theory. Thus, the computation theories of McClelland and Rumelhart (1981) and of Richman and Simon (1989) do about equally well in accounting for existing results with the word superiority effect, but they do so with conceptually quite different mechanisms. It is rather surprising that computational theories are not more constrained by empirical results because computational theories of word perception are quite new, but researchers have been investigating the efficiency of word processing at least since Cattell's pioneering studies more than 100 years ago (Cattell, 1885) . There are still a great many empirical questions that need to be answered about the almost magical efficiency with which we process words. Illusory conjunctions may provide a new window on those processes.
